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I. Introduction 

?he attempt to s p t h c s i z e  cyanic acid from rrePoaia and methme or 
other  gaseous hydrocarbans is not news and there  are nr .otws reports 
and patents  on t he  subject. ihe first w e l l  k n m  method consists of 
synthesis  froa methane, -fa, mad a i r  or oxygen passed over a hot 
screen d e  of e plat imm group metal, according to  the reaction indicated 
i n  Eq. (1)- 
the  react ion is exothermic and similar t o  tha t  for nit r ic  acid synthesis 
where a s o n f a  is oxidized. 

Ibis tachnique stccpr from ~ d r u s s o w ~ s  basic research(l) ,  and 

MIj + CE4.-> ECN + 3H2 - 64 Kcal (2 1 

Zhe seeand method of cyanic acid synthesis comi8ts of p u s i n g  a 
mixture of h7drocuboos and -Lasria over a ca t a lys t  heated to a high 
temperacure, (2) %is reaction proceeds u ~ ~ O W Q  in 3q. (2). t h e  reaction 
i 8  endothermic, t he  products are cyanic acid md hydrogen, and it ha8 t he  
advcmtage of not only producing re la t ive ly  concentrated cyar ic  acid in 
a s ing le  operation krt of aliowing easy rejmration of cyanic acid as 8 
re8uft  of t h e  absence of a water-eoluble acidic  gas such as carban dioxide 
gas- 
a 8OUTce of hydrogen or simply f o r  fuel. Our group undertook research 
on the  second method with the  aim of increasing c a t a l y t i c  efficiency, 
cyanic acid yield,  m d  of lowering t h e  react ion temperatUte- 
paper reports only op the basic s tud ies  perfoxmed with a fixed catalyst .  

2 . h  exhau8t gas is r i c h  i n  hydrogen, and it can be used e i the r  as 
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11. Nethod Of  KxpmiWnt 

The methane used in our experimant came from naturd g u  f r a  
Hohara-machi in Chiba Prefecture, *ile t h e  a m n i a  used was the  usual 
corPercia1 grade available in cylinders. 
gas vas as followst 

Ibe composition of t h e  natural 

Table 1 

1 90.9 0.6 6.8 1.7 
2 91.3 0.6 6.2 1.9 

3 m. 3 1.6 6.5 1.6 
4 90.9 1.3 5. 2 2.6 

In the  experiment, the  flaw method u88 used so t h a t  t h e  cyanic 
acid y i e l d  and the  decomposition of the -ia could be measured u a 
function of time, i n  other  mid., the eff ic iancy of t he  ca t a lys t  could 
be investigated. 

. . I  

1 - 1  

Figure 1. 

me experimental apparatus is sketched in Figure 1. plow meters 
(2) and (3) are us& to accurately measure the amount of methane aad 
m a i a  gases which are introduced into a fuzed quartz reaction tube 
heated by the oven (4) with silicon carbide heater rlemeats. 
gas escapes through t h e  three-vq  cock ( 5 )  a d  the  regulator (6) .  After 
a s ta t ionary state has been reached, t he  cock is switched over and t he  
8- is allowed to pass for 60 minuter through a 202 XaOH so lu t ion  (7) 
and 5% H 2 S 0 4  solut ion ( 8 )  in order t o  absorb a l l  of the  cyanic acid 
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formed 8s w e l l  a8 t he  rannant amnonia gas. 
( 9 ) ,  its volume measured, and if  necessary, it is analyzed- 
t h i s  first 60-ainute period of gas collection, t he  cock ( 5 )  is turned 
and the  gcu is exheusted for 60 minutes with the  reaction being permitted 
t o  continue without aay change, after which the  reaction product gas is 
again collectad for another 60 minute8. 
product gas was collected every other hour. Par ts  of solut ions (7) .ad 
( 8 ) ~  uhtch contain f ixed cyanic acid d rponia respectively. were 
analyzed, t he  former by the  iklhrrd and the latter by the K j e l d a l  
method, and the  cyanic acid yie ld  and the degree of -nia dccoqos i t ion  
were determined according to  t h e  follouing formulae: 

'Ihe residual  gas is col lected 
Folloving 

In other  words, t h e  reaction 

Cyanic acid yield - cyanic acid produced(ml)/amonia 
consumed(mo1) x 100 

100- [HCN yield + ammonia recwered(mo1 / m i a  
decampsition - 
rate m#mia c o n s u ~ d ( m o 1 ~  x 100 

Any carbon coaing f r a  the  drrcoqoaftion of the ae thme  and deposited 08 I 

I the ca ta lys t  was burnt out by introducting air through the  air f l o v r t a r  
(1). 
t he  remainder of t h i s  paper. 

2his process w i l l  be referred to simply as "air burning" during 

111. Exp uimeat.1 Bssults 

Ihe  ca ta lys t  used was e i the r  i n  the  form of pe l l e t s ,  or small 
par t i c l e s  crumhed t o  about 3 nam size. 
i n to  a 23 011 I .D .  fuzed quartz reaction tube. 
the center of t he  react ion layer  was maintained at  1050%m with the  rates 
of flow of methane and anamnia being fixed at  200 cc/rnin azLd 100 cc/mfn 
respect i vel y. 

About 35 cc of t h i s  wan packed 
Ihe temperature near 

1. Aluwtiaa as Catalyst 

%e alumina used waa prepared according to Makiuhiaa's 
and it w a s  t r ea t ed  at 6W°C in a flow of claronia gas for  3 
Ihe r e s u l t s  of cyanic a c i d  synthesis using t h i s  ca t a lys t  are UIin~te8. 

as shova in Figure 1. 
with time after reaching an e a r l y  peak, and there is no recovery even 
following the air burning at 18 hours. 
is seen to  increase rapidly v i t h  decreasing cyanic acid yield.  
ca t a lys t  ac t iv i ty  is probably due e i the r  t o  s in te r ing  of the alumina, or 
t o  t rans i t ion  of the alumina t o  a more stable farm. 
a c t i v i t y  is even more pronouaced, as can be seem i n  Figure 3, for 
alumina prepared by prec ip i ta t ion  from a pure sodium 
at pH 7 ( H C l ) ,  t h i s  prec ip i ta te  betag f i l t e r e d  and r insed on a suction 
funnel. It ir assuacd t h a t  this drastic change in ac t iv i ty  is due t o  
inadequate washing of the prec ip i ta te  and t he  presence of impurities. 

It can be s e a  t h a t  t he  cy.nic acid yield decreases 

The rate of aawnonia decomposition 
Reduced 

%is 'loss of ca ta lys t  

aluminate solut ion 
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The resu l t s  of t h i s  eqerimemt h a w  at least indicated that the decrease 
in catalyst  wt i t t i ty  m i @ t  be mmided by the addition of 8 second eluent 
to the catalystr  urd with t h i s  purpose in m i n d r  the folloving experiment 
wacI performed with am aluPiP.-silica two-coqorwnt catalyst.  

K W  y ie ld  

Figure 2. 

RCW yield 13H3 decomposition 

? 
I 

O Z 4 6 R l f l  0 2 4 6 8 1 0  

+ ly- &ours) 

Figure 3. 



2. Alumina-Silica Catalyat 

This ca ta lys t  v u  prepared by adding HCl  t o  an altmirma 
chloride rrolution, further adding a measured mount of sodium silicate, 
thea prec ip i ta t ing  aluminum hydroxide and sil icic acid by t i t r a t i q  
awonia water uhi le  s t i r r i n g  the so lu t ioa .  
washed with water, dried, md pdverired~ Different proportions of 
silica to  a l u i n a p  nmely 1, 5. 6 ,  7, 7.5, 10, 15, and 20 molX were 
t r i ad ,  typical rcrrult being .hotaa in Figure.4. bide from tB+ actual 
difference8 in actlvit7 between t h e  d i f f e ren t  mixtures, the general 
trend for thi8 catalyst is for t h e  ac t iv i ty  to  have a aaximum st bet- 
4 and 8 hcrr8, after which the  ac t iv i ty  decline8 gradually. If we t ake  
cyanic acid y i e ld  averaged f o r  the interval  4-to-10 hours ad compare 
the  y ie ld  value8 fo r  d i f fe ren t  m i x t ~ ~ e s ~  ome obtain8 the  r e su l t  ohom 
in Figure 5 ,  where the ac t iv i ty  is uxiatp for a 8ilica con tmt  of 7 to 

Ibe prec ip i t a t e  vas uell 

10 

indeed illprwe catalyst act ivi ty .  

Figure 4. 
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%e c h u a c t a i s t i c  time variation in the 8c t iv i ty  of t h i s  
alumina-silica catalyst ,  tdtereupun t h e  ac t iv i ty  gradually increa8es to 
a arexima t h m  8louly decreues, CPI possibly be urplained 
occurrence of a so l id  phase reaction between alumina .ad s i l i c a  at  high 
temperatures. 
mediate unstable state, and the  decline in a c t i v i t y  is probably due t o  
t h e  gradual farsation of s tab le  rhminum s i l i c a t e ,  2be following 
experiment prevea this msi.~ption. 

the 

h other words, ac t iv i ty  is maximum during BOIW inter-  

In t)N experiment, a mixture containing 7.5 pol% si l ica w a s  
heated at 10sO°C in a muffle oven, the batch was  remved 8t certain 
intervals ,  cmoled, aad pulverized. 
of 0.042 eosin tolotioo, shaken, 8 l lO~ed  to  m i t  f o r  24 hours, cmd than 
t h e  c lear  solution was drawn off a f t e r  centrifuging, md the amount of 
eosin adsorbed by the c8talyst was measured by meam of colorimetry. 
me  re la t ion  between the  length of time heated mad t h e  amount of eosin 
adsorbed is shara in Figure 6 ,  where it can be seen tha t  there is 
maximum adsorption for  3 t o  6 hours of heating. 
similar t o  tha t  indicating catalyst  ac t iv i ty ,  and it proves tha t  w i t h  
t h e  progression of a so l id  phase reaction between the  alumina and the  
s i l i c a ,  a wta-s tab le  intermediate s t a t e  ex i s t s  a t  which both adsorptioa 
and ca ta lys t  ac t iv i ty  are a a x i u ,  but following which period, the 
system tends towards s t a b i l i t y  and a decline in adsorption and ca ta ly t i c  
act  iwi t y  

2.00 gram of thi8 v8a added to 50 cc 

The curve is quite 

Despite the  f a c t  t h a t  alumina-silica can be quite  e f f i c i en t  aa a 
ca ta lys t  fo r  cyanic acid mynthuia, its prac t ica l  value was feund to be 
l i m i t e d  due t4  its l a c k  of dur8bflity. 

Figure 6 

I.....- ? 0 2 4 6 8 1 0  
# 

-pime (hours) 
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3. Alumina-Thoria Catalyst 

As re la ted  in t he  previour section, s i l ica vas found to have 
a sol id  phase reaction with alumina uhich was detri-tal to its use as 
a ca ta lys t ,  and w t  therefore  turned next t o  tho r i a  uhicb was expected 
to less l i ke ly  react w i t h  alumina. 

'Ibis ca ta lys t  was prepared by adding a marured quantity of 
sodiua n i t r a t e  to aluminum chloride solution, 
hydroxides of aluminum and thor lur  simultaneously by the addition of 
aumonia 8olation while 8tirringt 8nd then the precipitate b e i q  tkorarghly 
rinsed. It vaa later discovered that even a better p rec ip i t a t e  could be 
obtained by adding thorium chloride or  nitrate in XCl solut ion t o  sodium 
aluminate solution. (@0t~7: a e  cxperiaental r e s u l t s  using the last 
method are given in a later paper. ) 

then precipitetilg tL0 

Six di f fe ren t  mixtures of alumina and thoria were prepared, the  
tho r i a  content varying 88 1, 2, 2.6, 3, 3.5. and 5 mol%. 
covered tha t  thor i8  #aceatrat ion had l i t t le  effect Q(I ca ta lys t  activity. 
and t h a t ,  as show in Figure 1,  the  cyanic acid yie ld  decreased gradually 
with time but recovered with air burning. 
t h a t  t h e  decline in ac t iv i ty  is due to soot, from methane decoqmsitianr 
king adsorbed by the catalyst .  
remaining after r.oov.1 of .ronia d cyanic acids -tad to  abaut 
28 l i ters/hour.  and an analysis  of this residual gas, as show in 
Table 2, fndiccrtes considerable thermal dccoqos i t ion  of methane- 

It was dis- 

This apparently indicates  

Ibe residual gas, t h a t  is. t h e  gas 

Table 2. 

*2 H2 cH1 

Barly period 4.2 92. 0 3- 8 

Later period 2. 7 89. 5 11-8 

143 
10 20 30 40 50 60 70 80 

Figure 7. + Time (bou-) 

NEg decomposition 

burning A i r  burning 
3 

10 20 30 C!! SO 60 70 80 
-$ Time (hours) 
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The 
the  manner 
f o r  cy ani c 

4. 

above experiments indicate tha t  alumina-thoria prepared in 
described has roughly the ca t a lys t  cha rac t e r i s t i c s  su i t ab le  
acid synthesis  fror mettime and m n i a .  

Effect of su l fur  coapo upd. @otsTr 
Declaretian 1955-3360.) 

Japmese Patent pending, 

since su l fu r  caqmmds could be present in hydrocrrbonr, wed 
am raw materials, arch a8 i n  the  cue of petroleum cracking g u r  the 
e f f e c t  of sulfur on cyanic acid y ie ld  was investigated by t h e  deliberate 
introduction of mall m n t s  of HS or carbon d i su l f ide  Into the original 
methane. Surprisingly, the  y i e l d  of cyanic acid  w a s  found to be greatly 
increased by t h e  preseace of sulfur.  
s u l f i d e  or c u b o n  d i su l f ide  gave the  same r e s u l t ,  w wad the  la t ter  
priiuarily in t h e  current experi-nt. 
was modified 60 t ha t  methane and o r a n l a  could be independently i a t ro -  
duced into the react ion tube, and the  device shown in F i e r e  8 was 
employed f o r  the addition of carbon disulfide.  
(1) is t he  atmizer f o r  the carbon  disulfide^ urd the  rrnunt of v-or of 
carbon d i su l f ide  is control led by means of adjust ing cock (2) .ad thus 
regulat ing the flow of u t h m e  through t h e  carbon disulf ide.  

Since the use of e i the r  hydrogen 

The apparatus showa in Figure 1 

In the  latter f i w e t  

i 

Figure 8. 

In Figure 9 is rhotar an example of cyanic acid y ie ld  averaging about 
60% with an alui iaa- thoria  ca t a lys t  ( thoria  content 1 8 o l X ) s  and how 
t h i s  y i e l d  increase# to  80% u i t h  t h e  addition of carbon d i s u l f i d e  but 
a l s o  decreases i a e d i e t e l p  t o  the  or ig ina l  602 l eve l  vhrn it is dis- 
continued. '&e suifides added to  the  methane turn up in t he  reaction 
product gas as hydrogen su l f ide*  and t h i s  is ~ . l p r + d  in the  following 
manner: zhe so lu t ion  to  be analyutd t  which contains sodium cyanide and 
sodium sulf ide,  is made a l k a l i n e  w i t h  an excess of amonla w a t e r ,  to 
which is then added a memured excessive mount of 1/10 N-AgH03 solution. 
Zhe p rec ip i t a t e  is f i l t e r e d  and well rinsed. The f i l t r a t e  and rinse 
water a re  combined and made acidic  with 6N-??NO which then p rec ip i t a t e s  
AgCN. This is f i l t e r e d  and rinsed, and t h e  d e s a  Ag ion in the new 
f i l t r a t e  and rinse water is then measured by t h e  Volhard method. 
s i l v e r  su l f ide  is dissolved in  6N-HMO t thinned w i t h  water, and measured 
by the  B lha rd  t i t r a t i o n  method. 

The 

If &e &NO3 added is V cc, the t i t r a t e d  
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I 

I 

value of silver s u l f i d e  is v cc, and the titrated amount of AgCN 18 
ccp then t h e  Pount of sflver ion co~u)umed by the cyanide ion i 8  

v - v - (vs + vcw) 

j T i r e  (hours) 
Figure 9. 

IV. eanclusiona 

With rmspdct to t&e pr-8 for cyanic acid 8ynthe8i8 invdving 
the  r e r t i o n  of methat. ad in a t r o l u n  ratio of 2:i at a 
tuqerature of ~oSOOC, the results of research on cata~ysts  for t h i s  
reaction are -i& aa folluw8t 

(1) ahc ordinury alumina catalyst is unsuitable for practical 
u8e from the stradpoipts of cyanic acid yield and durability. 

(2) In the case of an .luoina-8ilica catalyst, the s i l ica  di8- 

Ihe cause of this decline 

t inc t ly  aided the catalytic action, but despite the high cyanic acid 
yield aich could be obtained, catalytic activity declined with time 
from which recovery could not be effected. 
in activity was attributed to a - l i d  phase reaction between the alumina 
and the silica. 

(3) Alumi-thoria a8 a catalyst produced fairly high cyanic 
acid yield. 
was easily r a e d i d  bp air-burning of the carbon. 

'Ibc he l ine  in catalytic activity due carbon 8daorptlon 

(4) It WJBS discovered that a small mount of carbon disulfide 
o r  hydrogen sulfide in the raw material gases facreased the c y a i c  acid 
y i e l d  considerably. 

(Lecture presented a t  8th anma1 meeting of t h e  Japan Chemical Society, 
April 1955) 
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